Electronic Structure of ZnO Quantum Dots Studied by High-Frequency EPR, ESE, ENDOR and ODMR Spectroscopy by Baranov P. et al.
 Materials Today: Proceedings  3 ( 2016 )  816 – 824 
Available online at www.sciencedirect.com
ScienceDirect
2214-7853 © 2016 Elsevier Ltd. All rights reserved. 
Selection and peer-review under responsibility of the Conference Committee Members of NANOTEXNOLOGY2015 (12th International Conference on 
Nanosciences & Nanotechnologies & 8th International Symposium on Flexible Organic Electronics)
doi: 10.1016/j.matpr.2016.02.014 
12th International Conference on Nanosciences & Nanotechnologies & 8th International 
Symposium on Flexible Organic Electronics 
Electronic Structure of ZnO Quantum Dots Studied by High-
Frequency EPR, ESE, ENDOR and ODMR Spectroscopy 
P.G. Baranova,b, , N.G. Romanova, A.P. Bundakovaa, S.B. Orlinskiic, C. De Mello 
Donegád, J. Schmidte  
aIoffe Institute, Politekhnicheskaya 26, St. Petersburg, 194021 Russia 
bPeter the Great St. Petersburg Polytechnic University, St. Petersburg 195251, Russia 
cFederal Center of Shared Facilities, Kazan State University, Kazan, Russia 
dDebye Institute for Nanomaterials Science, Utrecht University, Netherlands 
eHuygens Laboratory, Leiden University, Netherlands 
 
Abstract 
High-frequency electron paramagnetic resonance (EPR), electron spin echo (ESE), electron-nuclear double resonance (ENDOR) 
and optically detected magnetic resonance (ODMR) were applied for the investigation of the electronic properties of ZnO 
colloidal quantum dots (QDs) which consist of a ZnO nanocrystal core and Zn(OH)2 shell. Shallow donors (SDs) in the form of 
interstitial atoms of lithium and sodium, as well as substituent of the aluminum have been identified and the spatial distribution of 
their electronic wave functions has been determined in the regime of quantum confinement. Hyperfine interactions as monitored 
by ENDOR quantitatively reveal the transition from semiconductor to molecular properties upon reduction of the size of the 
nanoparticles. We studied the process of charge separation in the quantum dot when excited by UV light resulting in the 
formation of shallow donors and deep acceptors in the paramagnetic state, which recombine when heated, accompanied by 
thermoluminescence go back again in the non-paramagnetic state. It was shown that in all studied quantum dots deep acceptors 
are present positioned near the interface and including one sodium atom. ODMR techniques, which is based on EPR detection via 
photoluminescence or via tunneling afterglow that can be observed after preliminary X-ray or UV irradiation proved to be very 
useful to study colloidal ZnO NCs. The higher sensitivity of ODMR via afterglow allowed characterization of ZnO QDs 
dispersed in transparent media, which is an important advantage, since these systems are more relevant for a number of practical 
applications. A direct evidence of Co (Mn) interaction with SD in the core and hyperfine coupling with 1H in the shell of QDs 
has been demonstrated in Mn (Co)-doped ZnO QDs, which are promising classes of diluted magnetic semiconductors.  
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